Biological Structure from Precise and Accurate Estimation of Fluorophore Orientations and Distances: Proof-of-Principle using Internally Labeled dsDNA  by Mortensen, Kim I. et al.
Tuesday, February 28, 2012 419aPlatform: Imaging & Optical Microscopy: New
Fluorescent Methods & Probes
2127-Plat
Combined Single Molecule Fluorescence and Force Microscopy to Study
Lipid Transfer from Lipoproteins to Biomembranes
Birgit Plochberger1, Clemens Ro¨hrl2, Mario Brameshuber1,
Julian Weghuber3, Christian Rankl4, Parmindar Kaur5, Josef Madl6,
Robert Ros7, Stuart M. Lindsay5, Peter Hinterdorfer6, Herbert Stangl2,
Gerhard J. Schu¨tz1.
1Vienna University of Technology; Institute of Applied Physics, Wien,
Austria, 2Medical University of Vienna; Institute f. Medical Chemistry,
Wien, Austria, 3Upper Austria University of Applied Sciences, Wels, Austria,
4Agilent Technologies Austria, Linz, Austria, 5Arizona State University;
Center for Single Molecule Biophysics, Tempe, AZ, USA, 6Johannes Kepler
University Linz; Institute of Biophysics, Linz, Austria, 7Arizona State
University; Department of Physics, Tempe, AZ, USA.
The High Density Lipoprotein (HDL) is one of the smallest and densest lipo-
proteins and carries besides their protein parts various lipids. Hitherto, the
mechanisms how lipids flow from lipoproteins into the cellular plasma-
membrane are far from being understood: it remains elusive whether the recep-
tor directly influences lipid efflux or keeps the lipoprotein particle attached to
the plasma-membrane, thereby enhancing the probability for lipid transfer.
Togetamolecularunderstandingof thesekeyprocesses,wehavedevelopedacom-
bined and fully synchronized single molecule fluorescence and force microscope.
Here we use two complimentary approaches, either by anchoring a single cell on
a tipless cantilever or by utilizing the AFM tip to deliver HDL particles to the cell.
With the first approachwe foundout that transfer of lipids indeedhappens on living
cells. For this, single cellsweremoved towards a surface covalently functionalized
withHDL-particles.As soon asa cell got in contactwith the surface, particles fused
with the cell membrane and transferred their cargo. With the second approach,
a single bioparticle could be delivered in a controlled way to membranes. Upon
specific delivery of one particle attached to the AFM tip, the flux of single fluores-
cently labelled molecules out of the particle into a supported lipid bilayer (SLB)
wasmeasured. In particular, we compared the transfer of the fluorescently labelled
lipids DiI, Bodipy-labelled cholesterol and cholesteryl-ester.
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Fluorescent protein-based indicators for intracellular environment conditions
such as pH and ion concentrations are commonly used to study the status
and dynamics of living cells. Despite being an important factor in many biolog-
ical processes, pressure, however, is an exception. Development of the pressure
sensitive fluorescent protein would blaze a new path to the future biology. Re-
cently, we enhanced the pressure sensitivity of yellow fluorescent protein
(YFP) by inserting several glycines into it. Our mutation enhanced the interac-
tion between the chromophore and the solvent that is responsible for pressure
changing. In response to changes in pressure, a spectrum shift and an intensity
change of the fluorescence was ob-
served, indicating applicability of
the present YFP for measuring the in-
tracellular pressure on a live speci-
men. By measuring the fluorescence
of the mutant YFP, we succeeded in
measuring the intracellular pressure
changes that follow actin filament
disruption in living cells. This study
shows that our mutation enhanced
unknown properties of YFP that
may allow us to measure the intracel-
lular pressure.2129-Plat
Binding-Activated Localization Microscopy of DNA Structures
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ETH Zurich, Zurich, Switzerland.Localization microscopy relies on the separation of the emission of individual
fluorophores within a diffraction limited spot. In popular techniques like
PALM, STORM, or blinking the structure of interest is first labeled and la-
sers/chemicals are then adjusted such that only a sparse subset of all labels is
fluorescent at the same time. We propose an alternative strategy, namely to
use fluorophores that are ‘‘switched on’’ when bound to the target structure
and to localize them while they are binding in the presence of free dye. This
approach is best described by the term Binding-Activated Localization Micros-
copy (BALM). Here we demonstrate BALMwith DNA-binding dyes that show
a strong fluorescence enhancement when bound to dsDNA. Surface-
immobilized DNA molecules were imaged with a resolution of ~14 nm (full-
width at half-maximum), reaching a spa-
tial sampling of nearly 1/nm. We further
show measurements of the bacterial chro-
mosome in fixed E. coli cells and of arti-
ficial DNA structures. In general, the
extension of BALM to other fluorophores
will complement the experimental tool-
box for superresolution imaging.
Reference:
Schoen et al., Nano Letters 11: 4008-
4011 (2011).
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Single-molecule localization-based superresolution microscopy methods such
as PALM or STORM, have been breakthrough techniques of the last years. Un-
til now however, they require special fluorescent proteins to be cloned or high-
affinity antibodies to be generated for specific labeling. On the other hand,
many laboratories will have most of their constructs in GFP form and entire ge-
nomes are available as functional GFP-fusion proteins.
Here, we report a method that makes all these constructs available for superre-
solution microscopy by targeting GFP with tiny, high-affinity antibodies cou-
pled to blinking dyes. It thus combines the molecular specificity of genetic
tagging with the high photon yield of organic dyes and minimal linkage error.
Direct STORM on microtubules labeled with our novel antibodies showed that
indeed the linkage error was minimal, whereas the large size of standard anti-
bodies resulted in an additional error of >10 nm in immunolabeling. The high
brightness of our labels enabled us to perform rapid time-lapse dSTORM and
sptPALM on living neurons expressing the outer membrane protein GPI-GFP.
Three-dimensional dSTORM on microtubules using the bi-plane approach al-
lowed us to distinguish overlapping microtubules with an axial separation of
~100 nm. Using a budding yeast GFP-tag genomic library we could readily im-
age several GFP-tagged proteins targeted to specific intracellular locations.
In summary, targeting of GFP-labeled constructs with tiny antibodies provides
fast and simple access to superresolutionmicroscopy of virtually any knownpro-
tein in cells. Since for several organisms the entire genome is available as GFP-
tagged constructs, all these proteins are immediately accessible without the
requirement for cloning or the generation of antibodies. Finally, due to a simple
one-step labeling protocol, our technique opens the door to high-throughput lo-
calization analysis of entire genomes at the nanoscopic level in cells.
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Structure and structural transitions are at the heart of the molecular basis of bi-
ological function. In super-resolution microscopy and single-molecule bio-
physics, such information is probed using fluorophores. The emitted light
gives rise to diffraction-limited spots whose centers are routinely localized
with nanometer precision when spots are isolated. Thus, distances shorter
than the diffraction limit may be assessed by filtered imaging of differently col-
ored fluorophores. Popular approaches assume rotational freedom of the fluo-
rophore emission dipole moment and hence fit a 2D Gaussian intensity
distribution to the image of a fluorophore. This is done using least-squares
method. However, when the dipole moment is resolved in time or deliberately
420a Tuesday, February 28, 2012fixed, the resulting intensity pattern is highly anisotropic and depends radically
on the dipole orientation. We recently showed that the optimal analysis to ex-
tract simultaneous orientations and positions from focused images of fixed flu-
orophores uses the theoretical point spread function in conjunction with
maximum likelihood estimation. Here we show that this approach is mature
as a structural tool: It is able to determine real, physical distances and orienta-
tions of intra- and inter-molecular domains. For proof of principle, we use
dsDNA strands with two differently colored probes doubly attached to the
double-helix backbone. Relative orientations and distances between probes
are controlled by the number of base pairs separating them. We demonstrate
that estimates of orientation and distance are accurate and precise: they scatter
tightly around their true values known from structural information with a stan-
dard deviation that achieves the ultimate precision possible according to
Fisher’s information limit.
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Many types of cancer and neurodegenerative disease are caused by abnormal-
ities and variations in the genome. Genetic variations may vary from a single
DNA nucleotide mutation to total loss of chromosomes. We have designed
a high resolution imaging technique for determining structural variations of
genes related to genetic diseases. Our technique relies on successfully stretch-
ing and linearizing single DNA molecules close to their contour length and
mapping them using high resolution imaging techniques. Single-Molecule
High REsolution Colocalization (SHREC) and Single-molecule High-Resolu-
tion Imaging with photobleaching (SHRImP) methods have been used to mea-
sure distances between two fluorophores that are closer than the Rayleigh limit
control [Gordon, PNAS,2004; Churchman, PNAS, 2005]. Combining the two
techniques and applying them to DNA, we have successfully measured the dis-
tance between fluorophores separated by 10-100 nm.We have also successfully
shown 7 restrictions sites of Nb.BbvC I endonuclease enzyme on lambda DNA.
We also report an improvement in optical DNA mapping by labeling two
unique sequence motifs (GCTGGG, GGAACTT) with two different single
color fluorophores. We generate a detailed map with 100 bp resolution on
BAC DNA which allows us to identify genomic variations less than sub-
kilobase level.
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Fluorescence thermometry has successfully measured the temperature increase
in living cells that is not only induced by external heating, but also by intracel-
lular thermogenesis due to chemical reactions. On the other hand, living cells
respond to temperature changes in the form of varying intracellular Ca2þ con-
centrations, pH adjustment, and so on. The chemical reactions in living cells
cause the local and temporary temperature changes, which have a potential
to modulate the activity of biological systems in the surrounding cells in addi-
tion to themselves. The viewpoint of ‘‘Thermo-Chemical Signaling’’ should be
essential for understanding how the living cells efficiently use the local temper-
ature changes around and inside them. The dynamics of the intracellular envi-
ronment involved in the biological activity, however, disrupts a reliable
temperature measurement. The conventional fluorescent thermometers are
also sensitive to other environmental parameters such as pH and/or ionic
strength, therefore the accurate temperature measurements are complicated.
Here, we newly designed fluorescent nanoparticles, termed ‘‘nanothermome-
ters’’, which were insensitive to pH and ionic strength. The fluorescence inten-
sity of each nanothermometer changes and reaches a steady level at least within
17 msec. The nanothermometers were spontaneously uptaken into living HeLa
cells via endocytosis, enclosed in acidic organelle, i.e., endosome/lysosome,
and then transported along microtubules. Moreover, the majority of the trans-ported nanothermometers were accelerated responding to microscopic heat
pulse with IR laser. In this study, we demonstrate that the nanothermometers
can measure the position of moving acidic organelle, endosome/lysosome,
and its temperature change as ‘‘walking nanothermometers’’. The methods to
simultaneously measure both microscopic temperature and molecular activities
within living cells should shed light on the unrevealed cellular processes related
to the temperature-sensitive organelle transport.
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Fluorescence Correlation Spectroscopy (FCS) yields measurement parameters
(number of molecules, diffusion time, etc.) that characterize the concentration
and kinetics of fluorescent molecules within a supposedly known observation
volume, closely related to the size of the confocal Point Spread Function
(PSF). However the measurement parameters scale with the observation vol-
ume, which makes it difficult to compare measurements obtained with different
samples (solutions, cells, tissues, etc.) and in different environments (tempera-
ture, substrates). Preliminary calibrations of the observation volume are usually
performed with fluorophore solutions, with well known diffusion constant and
concentration. However, since optical aberrations depend upon optical align-
ments, refractive index of the solvent, observation depth, etc., these calibrations
are unusable if not performed under the exact same conditions of the experi-
ment of interest. Optical aberrations can induce small deformations of the con-
focal PSF, to which FCS measurements are much more sensitive than
conventional confocal imaging. We quantify the influence of optical aberra-
tions on single photon FCS and demonstrate a simple Adaptive Optics (AO)
system for aberration corrections. Optical aberrations are gradually introduced
by focussing the excitation laser beam at increasing depths in fluorescent solu-
tions with various refractive index mismatches, which lead to a drastic depth-
dependent bias in the estimated FCS parameters. Aberration corrections with
a Deformable Mirror (DM) stabilizes these parameters within a range of several
tens of mm above the cover slide - solution interface. In the near future, such an
AO system should improve significantly the robustness of FCS measurements
in environments of various optical properties (crowded solutions, cellular me-
dia, tissues, etc.).
Platform: DNA, RNA Structure & Conformation
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B-DNA becomes unstable under superhelical stress and is able to adopt a wide
range of alternative conformations including strand-separated DNA and Z-
DNA. Localized sequence-dependent structural transitions are important for
the regulation of biological processes such as DNA replication and transcrip-
tion. To directly probe the effect of sequence on structural transitions driven
by torque, we have measured the torsional response of a panel of DNA se-
quences, using single molecule assays that employ nanosphere rotational
probes to achieve high torque resolution. We have used AT-rich sequences
to study strand separation, and d(pGpC)n sequences to study Z-DNA formation.
For both types of sequences, we have observed responses that match our pre-
dictions based on a theoretical treatment of cooperative transitions in helical
polymers. In the fixed twist ensemble, theory predicts that domain wall penal-
ties should lead to significant torque overshoots, which are confirmed by our
measurements. We have rigorously challenged our models by experimentally
varying the boundary conditions, using atomic spacers introduced at the edges
of sequences of interest. Our mechanical measurements include direct charac-
terization of the torsional rigidities and helicities of non-canonical conforma-
tions, and establish a framework for quantitative predictions of the complex
torsional response of arbitrary sequences in their biological context.
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DNA, the carrier of genetic information, is a long, charged polymer. In our
cells, a whole machinery of proteins takes care of its packaging, repair, reading
and copying. These processes often involve mechanical deformation of the
